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PHYSICAL PROPERTIES OF PLANETARY NEBULAE AROUND [WC]
CENTRAL STARS
M. Pe~ na1, G. Stasi nska2 and S. Medina1
We have analyzed high resolution spectra for a
sample of 34 galactic planetary nebulae with [WC]-
type central stars. The sample includes objects in a
wide range of stellar characteristics: early and late
[WC] stars, weak-emission line stars (WELS) and
some normal (non-WR) PNe. Physical conditions
in the nebulae have been obtained from various di-
agnostic line ratios, and chemical abundances have
been derived. Expansion velocities were estimated
in a consistent manner from the line proles of dif-
ferent ions for the sample. A statistical study was
developed for the data in order to nd fundamental
relationships casting some light on the evolutionary
status of WRPNe.
Observations were performed with the echelle
spectrograph attached to the 2.1-m telescope at the
Observatorio Astron omico Nacional, M exico. The
3500-7200  A wavelength range, at 0.2  A resolution
was covered, allowing us to measure most of the im-
portant nebular lines for plasma diagnostic and kine-
matics. Data were reduced using standard IRAF
procedures.
The analysis of our data has been partially pre-
sented in Pe~ na et al. (2001). We have found the
following results:
 A signicant trend of the electron tempera-
ture ratio Te[O III] / Te[N II] decreasing with increas-
ing excitation of the object, as measured by the
O++/O+ ratio, is found for WRPNe. At the high
excitation end, Te[N II] is larger than Te[O III] by
several thousands degrees. This is not expected from
simple photoionization models of PNe, and might in-
dicate the presence of additional heating mechanisms
in the outer zones (shocks or turbulence for exam-
ple). Future observations of a larger control sample
of non-WRPNe will enable us to show whether such
a behavior is also seen in these nebulae, giving some
clues as to whether this additional heating mecha-
nism can be due to the eect of the intense stellar
winds from the [WC] central stars.
 Abundance ratios of O/H, Ne/O and N/O are
normal for WRPNe and WELS and similar to non-
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WR disk PNe. In particular, we found a large disper-
sion in the N/O ratios for WRPNe indicating that
there is no preferential stellar mass for the WR phe-
nomenon to occur in the nucleus of a PN, conrming
the nding by G orny & Stasi nska (1995).
 We re-examined the relation between the neb-
ular properties of WRPNe and the spectral types
of the nuclei. Our data conrm the trend found
by other authors, of the electron density decreas-
ing with decreasing spectral type, which was inter-
preted as evidence that [WC] stars evolve from late
to early [WC] types. However, the PNe K2-16 and
PM1-188, with very late [WC] stars, do not follow
the general density sequence, being of very low den-
sity for their spectral types. We suggest that their
stars either underwent a late helium ash (the \born
again" scenario) or that they have had a particularly
slow evolution from the AGB, either due to their un-
usually small core mass or to an exceptionally long
transition time from the tip of the AGB.
 The kinematical analysis shows that the [WC]
stellar wind strongly aects the velocity eld of the
PN. Large expansion velocities and evidence of tur-
bulence are found in WRPNe, in contrast with neb-
ulae around WELS and non-WR central stars which
present lower expansion velocities and no evidence
of turbulence. In any case, it is found that expan-
sion velocities are larger for old evolved PNe (less
dense and with a hot central star) than for young
PNe, which are denser and have cooler nuclei. This
is such for PNe around [WC] stars, WELS and nor-
mal central stars.
This work has received partial support from
DGAPA/UNAM and CONACYT/M exico.
REFERENCES
G orny S.K., & Stasi nska G., 1995, A&A, 303, 893
Pe~ na, M., Stasi nska, G. & Medina, S., 2001, A&A, 367,
983
25